Introduction
Aquatic pollution by synthetic dyes has been a major problem over the past decades because of increased production level and effluent discharge. Variety of industries such as textile, paper and pulp, printing, iron-steel, paints, pharmaceuticals, metal-cleaning, plating and metal-processing have been releasing highly toxic pollutants including dyes and metal ions to the environment [1] . Thus removal of these dyes and metal ions has been the object of great attention in the past few years, not because of toxicity, but also due to unpleasant appearance of polluted surface water [2] .
The traditional methods that have been employed for removal of dyes in wastewater are coagulation, ozonation, oxidation, Fenton's reagent, NaOCl, chemical precipitation, coagulation, ion exchange, membrane filtration and evaporation [3, 4] . However, all of the above methods have disadvantages making them less technically appealing in wastewater treatment. Precipitation is ineffective and produces a lot of sludge, chemical oxidation requires extra chemicals and evaporation treatment has high operating costs [5, 6] . The adsorption process is one of the effective methods for removal dyes and metal ions from the waste effluent. The process of adsorption has an edge over the other methods due to its sludge free clean operation and completely removed dyes, even from the diluted solution [7, 8] .
As part of our ongoing research of simultaneous removal of metal ions and dyestuffs, in this paper, the applicability of functionalized silica gel derivative as absorbent for copper ions and AO II from water was studied. The effects of variables including the contact time, dye concentration and absorbent dosage were considered.
Experimental

Materials.
Silica gel with particle size in the range of 100-200 mesh was purchased from Qingdao Ocean Chemical Company, China. Ethylenediaminetetraacetic acid (EDTA), N, N'-Diisopropylcarbodi5th International Conference on Information Engineering for Mechanics and Materials (ICIMM 2015) imide (DIC) and N- propyl] ethylenediamine (95%) were obtained from Aladdin Reagent Co. Ltd, China. N, N-Dimethylformamide (DMF), Cupric sulfate (CuSO 4 ·5H 2 O), Toluene, Methanol, Ether were purchased from Sinopharm Chemical Reagents Co. Ltd, China. These chemicals and reagents were used as supplied without further purification. Dry toluene was distilled under N 2 from CaH 2 and dry methanol from magnesium methoxide. All aqueous solutions for measurement experiments were prepared by using doubly distilled water, and the other reagents were of analytical grade (AR).
Preparation of functionalized silica gel and its adsorption for copper(II) ions. Silica gel was pretreated [9] and modified with N-[3-(Trimethoxysilyl)propyl]ethylenediamine, following grafted with ethylenediaminetetraacetic acid (EDTA). The amino-EDTA functionalized silica gel was mixed with CuSO 4 solution (1.0 g of SiO 2 -NH-NH-EDTA in 20 mL of 1.82 mmol CuSO 4 ). The yellowish silica gel turned to green-blue shortly, suggesting the fast adsorption of Cu(II) ion onto the surface of silica gel forming copper (II) bound silica gel, SG-Cu. Above processes are described in Figure 1 . Figure 3 . Initially the AO II uptake (q t ) was fast due to the many vacant adsorption sites. For SG-Cu, all the active sites were occupied by the dye molecules within 45 min after which the adsorption rate gradually decreased and became constant at equilibrium. The pseudo first (1) and second-order (2) models were used to describe the adsorption process of AO II on SG-Cu. The parameters of adsorption kinetics were calculated according to the research [10] , and are listed in Table 1 . The parameters of k 1 and k 2 are the pseudo first-order and second-order rate constant (min -1 ) of adsorption; q e (cal.) (mg g -1 ) values are the amounts of dye adsorbed per unit mass of absorbent at equilibrium. The value of pseudo first-order and second-order rate constant and regression coefficient (R 2 ) values are also in Table 1 . The results show that correlation coefficient of pseudo second-order model is better than pseudo first-order model. The calculated qe (qe (Cal.)) based on pseudo second-order model is similar to the experimental data qe (Exp.). Therefore, pseudo second-order model is more effective to represent the adsorption kinetics of SG-Cu for AO II. 
Conclusions
The amino-EDTA modified silica gel was prepared and it was readily used to fast absorb Cu(II) ions from aqueous solution, forming Cu(II) bound silica gel, SG-Cu. SG-Cu were found to effectively adsorb AO II from aqueous solutions. Its adsorption capacity increased with increasing of time, initial concentration of the dye solution, and the SG-Cu dosage. The absorption was fast and reached adsorption equilibrium at about 60 min. The adsorption process of the AO II on SG-Cu followed a pseudo second-order model and experimental data fitted well with Langmuir adsorption model.
